Objective To describe the blood flow velocities and impedance indices changes in the uterine arteries of leiomyomatous uteri using Doppler sonography. Methods This was a prospective, case-control study conducted on 140 premenopausal women with sonographic diagnosis of uterine leiomyoma and 140 premenopausal controls without leiomyomas. Pelvic sonography was performed to diagnose and characterize the leiomyomas. The hemodynamics of the ascending branches of both main uterine arteries was assessed by Doppler interrogation. Statistical analysis was performed mainly using non-parametric tests. Results The median uterine volume of the subjects was 556 cm 3 , while that of the controls was 90.5 cm 3 (p < 0.001). The mean peak systolic velocity (PSV), end-diastolic velocity (EDV), time-averaged maximum velocity (TAMX), time-averaged mean velocity (Tmean), acceleration time (AT), acceleration index (AI), diastolic/systolic ratio (DSR), diastolic average ratio (DAR), and inverse pulsatility index (PI) were significantly higher in the subjects (94.2 cm/s, 29.7 cm/s, 49.1 cm/s, 25.5 cm/s, 118 ms, 0.8, 0.3, 0.6, and 0.8 respectively) compared with the controls (54.2 cm/s, 7.7 cm/s, 20.0 cm/s, 10.0 cm/s, 92.0 ms, 0.6, 0.1, 0.4, and 0.4 respectively); p < 0.001 for all values. Conversely, the mean PI, resistivity index (RI), systolic/diastolic ratio (SDR) and impedance index (ImI) of the subjects (1.52, 0.70, 3.81, and 3.81 respectively) were significantly lower than those of the controls (2.38, 0.86, 7.23, and 7.24 respectively); p < 0.001 for all values. Conclusion There is a significantly increased perfusion of leiomyomatous uteri that is most likely due to uterine enlargement.
Introduction
Leiomyomas/fibroids are benign uterine tumors that are more common in black people. Gray-scale ultrasonography is a reliable method of diagnosing these tumors, and it can be supplemented with Doppler mode to provide additional hemodynamic information.
Though the pulsatility index (PI) is currently the preferred Doppler index in Obstetrics and Gynecology because it is sensitive to alterations in waveform shape and it analyzes the entire cardiac cycle, 1 several other useful Doppler indices have been documented in the literature. Previous studies reported increased peak systolic velocity (PSV) and time-averaged maximum velocity (TAMX), as well as diminished pulsatility index (PI), resistivity index (RI), and systolic-diastolic ratio (SDR) in myomatous uteri compared with controls.
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The purposes of this study are: to compare the changes within the main uterine artery of myomatous uteri and normal uteri using several Doppler indices (in addition to the traditional ones); to explore the relationship between these changes in uterine volume and the clinical symptoms; and to compare the main uterine artery Doppler changes in women with recurrent leiomyoma (after a previous myomectomy) and those with primary tumors (without previous surgical or medical intervention).
Methods
This prospective, non-randomized, case-control study was performed over a one-year period in the Department of Radiology of our institution as approved by the Ethics in Research Committee of the hospital. The study participants were consecutively recruited, and consisted of 140 premenopausal women with sonographic features of uterine leiomyomas, as previously described by other authors, 4, 7, 8 and 140
premenopausal controls with normal leiomyoma-free uteri and normal endometrial stripe thickness. Recurrent leiomyoma was defined as the presence of a dominant leiomyoma larger than 4 cm in size following previous myomectomy. 9 The exclusion criteria were: pregnancy, post-menopausal status (cessation of menses for more than 12 months), recent childbirth (less than 1 year prior to presentation), adenomyosis/ endometriosis, and coexisting pelvic pathologies, like ovarian tumors and pelvic inflammatory disease. Informed consent was obtained from all participants. The participants' demographic and gynecologic histories were obtained, including age, parity, and history of previous myomectomy. Their body mass index was also determined.
All the participants underwent sonography via the transabdominal route using MINDRAY real-time ultrasound machine model DC-7 (Shenzhen Mindray Bio-medical Electronics, Nanshan, Shenzhen, China) with a convex transducer (with a frequency of 3.8-5.0 MHz) and Doppler functionality.
Transabdominal sonography was performed by applying the transducer to the abdominopelvic region to scan the uterus in at least two planes (transverse and longitudinal planes). The following sonographic parameters were recorded: the uterine length, the anteroposterior diameter, and the transverse diameter, which were used to estimate the uterine volume using the ellipsoid formula. The length of the uterus was measured in the longitudinal plane from the fundus to the external cervical os; its anteroposterior diameter was measured perpendicular to the plane of the length, while the transverse diameter was measured from cornu to cornu on a transverse image. The volume of the largest leiomyoma nodule was similarly determined using the prolate ellipse formula. The uterine volume and dominant leiomyoma volume were divided into large and diagnosticar e caracterizar os leiomiomas. A hemodinâmica dos ramos ascendentes de ambas as artérias uterinas principais foi avaliada por meio de interrogatório Doppler. A análise estatística foi feita principalmente por meio de testes não paramétricos. The other sonographic parameters recorded included: leiomyoma type (intramural, subserous, submucous, panmural, pedunculated, or in more than one site) and presence of degenerative changes (cystic, calcific, or mixed). The Doppler interrogation was performed as previously described by other authors. 10, 11 The transducer was placed longitudinally in the midline above the symphysis pubis. A longitudinal section of the uterus and the cervical canal was obtained to identify the internal cervical os. The transducer was then moved from side to side to the lateral border of the uterus until the para-cervical vascular plexus was seen. The color Doppler function was activated, and the uterine artery was identified at the level of the junction between the uterine body and the cervix, as it starts to make its ascent to the uterine body. Measurements were taken at this point, before the uterine arteries branch into the arcuate arteries. The pulsed Doppler gate (sample volume ¼ 1 mm) was placed in the center of the vessel, and a Doppler insonation angle of less than 60 degrees was used to obtain a measurement line parallel to the arterial wall. The Doppler signal was updated until there was a clear and consistent waveform. Doppler velocimetry was repeated three times each in both the right and left uterine arteries, with an interval of at least 2 minutes between the measurements. The average value of the two arteries was used for analysis. The measurements were obtained after the visualization of at least three to five consecutive arterial waveforms of similar amplitude. Blood velocity waveforms with the lowest RI or highest velocities were recorded. 12-14 A spectral analysis was performed electronically (auto-trace) from a smooth curve fitted to the average waveform over three to five cardiac cycles to obtain the following parameters: peak systolic velocity (PSV), enddiastolic velocity (EDV), systolic/diastolic ratio (SDR or S/D ratio ¼ PSV/EDV),
time-averaged maximum velocity (TAMX), time-averaged mean velocity (Tmean), and acceleration time (AT). The diastolic/systolic ratio or end-diastolic ratio (DSR or D/S ratio ¼ EDV/PSV), 20 and the acceleration index (AI ¼ PSV/AT) 21 were also calculated from the electronically generated indices. The color and pulsed Doppler parameters, including the high pass filter, the sample volume and the velocity scale were optimized for the detection of slow flow. 21, 22 Low filtration (color wall filter of 50-100 Hz) was used to detect the diastolic flow in the arteries. 23 The color box was kept small, covering only the area of interest, and the Doppler gain was set just below noise level. All of the participants were scanned by the first author.
The study data was analyzed with the Statistical Package for the Social Sciences (SPSS), version 20, for Windows (IBM Corp., Armonk, NY, US). The Mann-Whitney U test was used to compare the means because the uterine volumes and the accompanying Doppler indices were skewed and not normally distributed. Due to similar reasons, the Spearman correlation analysis was used to determine the correlation between the variables. The chi-squared test was used to compare two categorical variables, while the Kruskal-Wallis test was used when more than two variables were compared. The level of statistical significance was set at p 0.05.
Results
A total of 280 premenopausal women were recruited consecutively for this prospective, case -control study comprising 140 subjects with uterine leiomyoma and 140 leiomyoma-free controls. The subjects' general characteristics are displayed in ►Table 1.
Nineteen subjects (13.6%) were asymptomatic, while 121 (86.4%) had various leiomyoma-related symptoms. Menorrhagia with abdominal swelling and/or pain was the most common presenting symptom, which was observed in 24 (17.1%) subjects. However, menorrhagia alone, and in various combinations with other symptoms, like infertility and dysmenorrhea, was a feature in 70 (50%) subjects. Fourteen subjects (10%) had recurrent leiomyoma after previous myomectomy, with a median time interval of 5 years (range ¼ 2-15 years) after surgery. Eight (57.1%) of these presented 5 years post-myomectomy, while 6 (42.9%) of them were > 5 years postmyomectomy.
The subjects had a median uterine volume of 556 cm All the evaluated Doppler indices of the main uterine artery showed statistically significant differences between the subjects and controls (►Table 2). The main uterine arteries of the subjects had significantly higher PSV, EDV, TAMX, Tmean, AT, AI, DSR, DAR and inverse PI, but significantly lower PI, RI, SDR and ImI than the main uterine arteries of the controls.
All the main uterine artery Doppler indices, except the AI, showed statistically significant differences between the subjects with uterine volume 200 cm 3 and those with uterine volume 200 cm 3 . The latter group had higher flow velocities and lower resistance to flow than the former (►Table 3).
Symptomatic subjects (all symptoms inclusive) had significantly higher main uterine artery PSV, EDV, TAMX, and AI than the asymptomatic subjects. Furthermore, there were statistically significant differences in all the main uterine artery Doppler indices, except the AT and DAR, between the subjects with menorrhagia and those without. Those with menorrhagia had higher flow velocities and lower resistance to flow (►Table 4). There were no statistically significant differences between all the main uterine artery Doppler indices of the subjects with previous myomectomy and of those without (►Table 5).
All the main uterine artery Doppler indices of the subjects showed a significant correlation with the subjects' uterine volume. The PSV, EDV, TAMX, and Tmean showed strong positive correlations with the uterine volume (correlation coefficient [r] 0.6), while the PI, RI, SDR, and the ImI showed moderate negative correlations with the uterine volume (r ¼ -0.4 to -0.6). The main uterine artery PSV, EDV, TAMX, Tmean, PI, AT, DAR and inverse PI of the controls correlated weakly with the uterine volume (►Table 6).
Significantly higher main uterine artery flow velocity indices (except AI and DAR) and significantly lower resistance to flow were noted in subjects who had fibroids with degenerative changes compared with those without degenerative changes.
Discussion
Doppler sonography in Gynecology is an important adjunct to gray-scale sonography, with established roles in the assessment of infertility, uterine leiomyomas, pelvic arteriovenous malformations, hormone replacement therapy, etc. 13, 14 In this study, the women with uterine leiomyomas showed a significant increase in uterine perfusion/blood flow compared with the controls, as evidenced by the elevation of uterine artery Doppler indices reflecting blood flow velocity (PSV, EDV, TAMX, Tmean, DAR, AT and AI) with increase in uterine volume, while the indices reflective of the degree of resistance to blood flow or vascular impedance (PI, RI, SDR, ImI, inverse PI) diminished with increase in uterine volume. This decrease in resistance to blood flow could be due to the uncoiling of the uterine artery with uterine enlargement in the leiomyomatous uterus. 6 Similar uterine artery uncoiling and diminution of resistance has been observed in enlarged gravid uteri. 6 The myometrial vasculature also enlarges 24, 25 to supply the hypervascular networks present in uterine leiomyomas, which further decreases the resistance to blood flow. Increase in blood flow velocity indices with increasing uterine volume was also noted in the controls, with weak statistical significance. This suggests that uterine enlargement rather than the mere presence of the leiomyomatous tumor is mainly responsible for the observed alteration in the uterine artery blood flow to the leiomyomatous uteri. Furthermore, women with a uterine volume > 200 cm 3 had significantly higher flow velocities and lower vascular ImIs than those with uterine volume 200 cm 3 . This is similar to the results obtained by Farmakides et al 6 and Alatas et al.
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Leiomyomas with degenerative changes showed higher flow velocities and lower resistance to blood flow in the main uterine artery. This is in agreement with previous studies, and could be due to the fact that degenerating leiomyomas are often large and rapidly growing, eventually outgrowing their blood supply. Such rapid growth probably requires greater blood supply to support the metabolic activities. The study also found that the blood flow velocity indices of the main uterine artery were significantly higher in symptomatic subjects compared with asymptomatic subjects. When menorrhagia was considered as a specific symptom, those with menorrhagia had higher main uterine artery blood flow velocity indices and lower vascular resistance indices, which is suggestive of a "compensatory" increase in perfusion when menorrhagia occurs. These two observations suggest that the presence of menorrhagia leads to significant alterations in the main uterine artery Doppler indices. A similar pattern was documented by Hurskainen et al, 27 who reported a significant inverse correlation between the uterine artery PI and the amount of blood loss in menstruating women (those with lower uterine flow impedance bled more), and concluded that there likely is a significant relationship between uterine vascular tone and menorrhagia.
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Apart from being a black population study, 22-30 the markedly larger uterine volumes in this study could also be due to the fact that the majority of the patients in this environment present late, often after failure of alternative therapies, or due to the prohibitive cost of orthodox medical treatments. These markedly larger sizes may also explain the much lower Doppler indices in this study compared with those of some previous studies. Alatas et al, 5 Tranquart et al, 32 Danisman et al, 14 and Samani et al 12 respectively.
There were no significant differences between the main uterine artery Doppler indices of uteri with recurrent leiomyomas and those with primary tumors. This is most likely due to the fact that there was no statistically significant difference between the uterine volumes of the two groups; increase in uterine volume is the main contributor to the alterations in main uterine artery Doppler indices. Leiomyoma recurrence could be due to de novo growth of new tumors from previously normal myometrial cells post-myomectomy, or due to persistent undetected tumors (remnants) left unintentionally from an incomplete fibroid surgery. 33 Obed et al, 33 who defined recurrence as the presence of a leiomyoma of at least 2 cm in diameter upon ultrasound scan, reported an overall recurrence rate of 20.7% at 10 years post-myomectomy. The limitations of our study include the fact that the sonographic diagnosis of leiomyoma was not confirmed with histology. However, several studies have shown the increased sensitivity and specificity of the sonographic diagnosis of leiomyomas with more modern ultrasound scanners. There was also difficulty in obtaining accurate measurements of very bulky, leiomyomatous uteri and huge pedunculated leiomyomas extending to the upper abdomen. Split-screen measurements were employed in such cases.
Conclusion
In conclusion, there is increased perfusion of the myomatous uterus, as evidenced by increased blood flow velocity indices and reduced vascular impedance indices in their main uterine artery compared with the controls. These changes are more likely due to increased uterine volume rather than the mere presence of myomas. No significant differences were detected between the main uterine artery Doppler indices of uteri with recurrent leiomyoma and those with primary tumors.
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